We present time-resolved optical spectroscopy of the cataclysmic variable S193. The emission lines are remarkably similar to those of V795 Her and exhibit high-velocity S-waves and complex absorptions that are modulated with the orbital period. Evidence for transient anomalous spectral features is seen during the ®rst two nights of our run. We propose that S193 and V795 Her are non-eclipsing SW Sex stars. Finally, we show that the`disc over¯ow' model fails to explain the Balmer line orbital behaviour in these low-inclination systems.
I N T R O D U C T I O N
S193 was discovered by Stephenson (1986) during a systematic search for new Ha emission stars, and was later identi®ed as a cataclysmic variable (CV) by Downes & Keyes (1988) . Based on the detection of a relatively persistent 19-min periodicity in its light curve (Garnavich, Szkody & Goldader 1988) and its relatively large X-ray¯ux, suggested that this object could be a DQ Her system. They also reported an orbital period of 3±4 hours from Ha spectroscopy and a secular decrease of the mean optical brightness from 12.1 to 13.3 mag over two years. Szkody et al. (1994) performed X-ray observations of S193 using Ginga and ROSAT; in the search for modulations they could not detect any periodic variation with amplitude greater than 40 per cent. Although the measured X-ray¯ux is consistent with non-magnetic CVs, both the hard spectrum and high column density are typical of magnetic systems. They conclude that there is no strong evidence for S193 being a DQ Her system, although this possibility cannot be ruled out completely.
A period of 4.2 h was found for this object from its radial velocity variations (Szkody 1995 ; see also Szkody et al. 1997) . Szkody et al. (1997) report ultraviolet observations of S193 using IUE and Voyager with the intention of establishing whether S193 is a DQ Her system or not; they found circumstantial evidence for the existence of a disc and a magnetic white dwarf. The authors also point out for the ®rst time that the behaviour and observational properties of S193 are reminiscent of V795 Her.
In a previous paper we presented a time-resolved spectroscopic study of V795 Her (Casares et al. 1996 , hereafter CMMCL) ®nding intricated behaviour in the Balmer and He i lines that in some aspects resembles the SW Sex systems (Thorstensen et al. 1991) . With the aim of ®nding new systems showing similar characteristics we started a programme of high-resolution spectroscopy of non-eclipsing novalike variables selected from the literature. S193 was one of the most promising candidates selected based on the report of a possible detection of a high-velocity component by Szkody (1995) .
In this work we show that the behaviour of the Balmer and He i lines in S193 is almost identical to those in V795 Her. A preliminar advance of this was previously published in Rodrõ Âguez-Gil, Martõ Ânez- Pais & Casares (1997) .
O B S E RVAT I O N S A N D D ATA R E D U C T I O N
Our present study is based on spectra obtained over ®ve nights (1996 September 18/19, 19/20, 20/21, 22/23 and 23/24) with the 1.9-m Radcliffe Telescope at the South African Astronomical Observatory. A total of 119 individual spectra were acquired using the spectrograph and the intensi®ed Reticon Photon Counting System (RPCS) with the grating #4. This gave a spectral resolution (FWHM) of 1.4 A Ê . Because the RPCS has two data channels, we used a dekker with a slot size of 6 arcsec to separate object and sky spectra, which were treated separately in the subsequent reduction process. The spectral range 4157±5283 A Ê was covered but only the data within the range 4300±5100 A Ê were considered owing to a falloff in the response of the optical system outside this wavelength interval. The exposure time was 600 s for each individual spectrum. Arc-lamp spectra were obtained regularly after every two object exposures in order to achieve an optimal wavelength calibration.
All the spectra were¯at-®elded and sky subtracted using the iraf package, while wavelength calibration was carried out using the molly package. Fourth-order polynomial ®ts were applied to the arc spectra for the wavelength calibration, the rms being smaller than 0.1 A Ê in all cases. Finally the spectra were normalized by dividing by a low-order spline ®t to the continuum and rebinned to a uniform velocity scale. The subsequent spectrum manipulation and analysis were performed using the molly package written by Tom Marsh.
T H E AV E R AG E D S P E C T R A
S193 shows signi®cant night-to-night variability with the appearance of transient features only detected on our ®rst two nights (Fig. 1) . The most signi®cant are a strong absorption at , 4670 A Ê and an emission close to 4431 A Ê . These features, together with other absorption lines, totally disappear in the next three nights. Apart from these transient features the averaged spectra are strongly reminiscent of V795 Her: i.e. Balmer emission lines (Hb, Hg) exhibiting asymmetric pro®les with red absorptions wings, asymmetric He i l 4471 in absorption and weak high-excitation He ii l 4686 and C iii/N iii lines. We note the complete absence of absorption features from the secondary star.
In Table 1 we present the velocities of several lines, relative to their rest wavelength, as measured in the averaged spectra. The Balmer and He ii lines are highly blueshifted, whilst all the He i lines are redshifted. The positive velocities of the He i lines are produced by the relatively higher intensity of their absorption component and their general complex structure.
T H E O R B I TA L P E R I O D
In order to check for consistency with the previously reported value for the orbital period we decided to examine the radial velocities of our Hb pro®les. The velocities were extracted through convolution with a Gaussian template having FWHM 700 km s À1 , a value derived from a single Gaussian ®t to the time-averaged Hb pro®le. We then performed a Fourier analysis on the radial velocities employing the clean algorithm of Roberts, Leha Âr & Dreher (1987) . The`dirty' and`clean' power-spectra are shown in Fig. 2 , where a prominent peak at 5.7 d À1 is easily seen. The central frequency was determined through a Gaussian ®t, which gives n 5:73 6 0:11 d À1 (the value for the error is taken as half the FWHM of the Gaussian), equivalent to a period of P 0:1745 6 0:0033 d. This value is in agreement with the period proposed by Szkody et al. (1997) of 0.175 d and we will adopt this as the orbital period of the system. There are also two less prominent peaks in the periodogram: the one at 11.7 d À1 (corresponding to a period of about one half 0.1745 d) and the other at a frequency of 10.44 d À1 (period 0.0958 d 6 0.0013), but both exhibit negligible power compared with the main peak.
A strong piece of evidence in favour of this period is the clear modulation observed in the equivalent width (EW) of several lines (see Fig. 8 later) . This will be treated in detail in the next section. 662 I. G. Martõ Ânez-Pais, P. Rodrõ Âguez-Gil and J. Casares q 1999 RAS, MNRAS 305, 661±670 Figure 1 . The mean spectra of S193. The upper panel shows the mean spectrum of nights 3 to 5 with the main features indicated. In the lower panel the anomalous spectral lines can be seen in the mean spectrum corresponding to nights 1 and 2. We also analysed the radial velocity curves of other lines but the power-spectra did not reveal signi®cant peaks owing to their low signal-to-noise ratio.
The velocity points were ®tted in a least-squares sense to V g À K sin 2p=Pt À T 0 Â Ã ®xing P 0:1745 d. The resulting ®t parameters are: g À146:4 6 3:0 km s À1 , K 88:4 6 3:5 km s À1 and T 0 2450345:309 6 0:001 d. Hereafter we will refer all phases to this value of T 0 , although it has to be noted that this de®nition is purely arbitrary; the absolute zero phase is unknown because S193 is not eclipsing. The radial velocity curve of Hb as a function of the orbital phase is shown in Fig. 3 .
A N A LY S I S O F T H E L I N E S
The orbital behaviour of the Balmer and He i lines in S193 are qualitatively very similar to the corresponding lines in V795 Her (CMMCL and references therein, see also Dickinson et al. 1997) as we are going to show in this section.
Balmer and helium lines
Our spectra include two Balmer lines, Hb and Hg, the latter with much lower signal-to-noise ratio owing to its proximity to the edge of the useful spectral range.
We constructed trailed spectra of these two lines by folding all the normalized spectra into 20 phase bins to improve the signal-tonoise ratio. However, data acquired on the night 22/23 were rejected because of their lower quality caused by bad weather. The trailed spectra of Hb and Hg are shown in Figs 4±7. Several complex components can be seen, most of them were also detected in V795 Her as reported by CMMCL so, for the sake of simplicity, we will follow their notation (see Fig. 5 ). The most prominent component is an absorption (the D-component, see below) which crosses the main line at phase ,0:6 strongly distorting the whole pro®le.
At this point it has to be noted that CMMCL determine T 0 in V795 Her from the radial velocity curve of He ii l 4686 by assuming that the line is formed in the vicinity of the compact object. Therefore, the absolute phase 0 corresponds to the crossing point from positive to negative velocities of the He ii l4686 line. They also note that the radial velocity curve of Hb is delayed by 0:16P orb , the presence of such a delay is taken as a key property of SW Sex systems (see Thorstensen et al. 1991) . For the sake of consistency, we tried to de®ne the absolute phases of S193 using the He ii l 4686 radial velocity curve as well, but it proved impossible given the low quality of the individual spectra. Therefore, in order to compare our phases with those of V795 Her in CMMCL we should take into account a À0:16 phase correction to our data.
The general appearance of the Hb trailed spectra is similar to that of V795 Her (see ®gs 4 and 5 in CMMCL). V795 Her shows two emission high-velocity S-waves, both being phased and with opposite g values: the W-components (WR for the red and WB for the blue, respectively; see Fig. 5 ). In S193 the WB component is clearly visible whilst a trace of the WR can also be appreciated. The relative weakness of WR in S193 is indicating that, as in V795 Her, it is fainter than WB (actually it is almost undetectable).
The WB component in S193 seems to be resolved as a double, one reaching , À 1500 km s À1 and the other reaching , À 950 km s À1 . Since both appear to be in phase, we measured the centres of the narrowest (and best de®ned) components in the trailed spectra in order to determine its zero phase. The centres were measured by eye and we assumed a conservative error of two pixels (80 km s À1 ) in each measurement. A sinusoidal ®t of the form V g À K sin 2pJ À J 0 Â Ã gave J 0 0:372 6 0:033. Once the phase correction described above is applied, a value of J 0 0:372 À 0:16 0:212 is obtained, which is exactly the value quoted by CMMCL for the WB component of Ha in V795 Her. The value reported by CMMCL for WR is 0.243 60:012, while for the other Balmer lines they obtain: J 0 WB 0:195 6 0:006; J 0 WR 0:201 6 0:005 for Hb and J 0 WB 0:225 6 0:014 for Hg. The agreement among the J 0 values for the W components in both systems supports the previous assumption of a delay of DJ 0 0:16 between the true primary radial velocity curve (obtained from He ii l 4686 for V795 Her) and Hb for S193 as well. However, note that the radial velocity curve of the whole Ha line in V795 Her has J 0 0:228 instead of 0.16 (the value obtained for Hb) when the phases are calculated with respect to the He ii l 4686 radial velocity curve. The different phase delay in Ha and Hb is probably caused by contamination of the W-components which become more prominent in Ha than in Hb.
In order to follow the motion of the W-components while they are moving inside the line, we constructed new trailed spectra after subtracting the orbitally averaged line pro®le. This time the spectra were folded into 10 phase bins in order to improve the signal-tonoise ratio. The resulting grey-scale image is shown in Fig. 6 . It can be appreciated that the WB component does not cross the line reaching the red wing, resulting to be independent of the weaker WR (i.e. they are not connected). This was ®rst noted by CMMCL in V795 Her (see the same ®gure), although Dickinson et al. (1997) invoked the presence of a contaminating absorption (the D-component) superposed on a broad single emission component as responsible for the apparent dual nature of WR and WB.
We should note that CMMCL detect a second emission component in V795 Her (the C-component) moving within the cores of the Ha and Hb. It was only seen on a few speci®c nights and therefore the authors suggest it may be transient. This component is not detected in S193, either in the phase-folded spectra or in the spectra on any particular night. It may have been present although masked by the high noise level of our data.
Both the Hb and Hg pro®les are dominated by a strong absorption feature, which crosses the line at phase , 0.5±0.6 moving from positive to negative velocities. This absorption has a g velocity roughly equal to the central wide emission (Figs 4 and 7) . This q 1999 RAS, MNRAS 305, 661±670 The EW minima at J , 0:5 is also a key property of SW Sex stars (see Thorstensen et al. 1991) , coinciding with central absorptions which produce spurious double-peaked pro®les (Szkody & Piche Â 1990) . The absorption deepens with the excitation level, i.e. it is stronger in Hg than in Hb. Relative strengthenings of the Dcomponent in both, Hb and Hg at phases ,0:47 and ,0:54 are seen, but they are probably an artefact of moving across the centre of the strong emission component. Finally, we note the presence of a broad shallow continuum decrease in S193, centred at , +1000±1200 km s À1 , in both Hb and Hg (see Figs 4 and 7). This absorption bump appears to be shallower in Hg than in Hb, and its depth seems to vary with the orbital phase. Its presence is probably responsible for the absorption at the red wings of both lines in the orbitally averaged spectrum (see Fig. 1 ).
One question that now arises is whether this is responsible for the lower intensity of the WR components in the Balmer lines. This question has to be asked not only for the case of S193 but also for V795 Her, whose orbitally averaged pro®les also show this feature (see CMMCL and Dickinson et al. 1997) . Fig. 8 shows the orbital evolution of the EWs of three lines (including Hb) in S193. The spectra were also folded into 20 phase bins including the data acquired on the night 22/23. Hb exhibits a clear 60 per cent modulation which can be explained by the presence of the D-component because the EW minimum (phase ,0:6) coincides with its maximum depth. The same behaviour was also observed in V795 Her (CMMCL; Dickinson et al. 1997) and is another characteristic of SW Sex stars (Thorstensen et al. 1991) . As a matter of fact, the EW curves of the Balmer lines in V795 Her and S193 are remarkably similar, once the aforesaid phase correction is applied.
664 I. G. Martõ Ânez-Pais, P. Rodrõ Âguez-Gil and J. Casares q 1999 RAS, MNRAS 305, 661±670 Figure 4 . The Hb trailed spectra phase-folded into 20 bins and excluding the night of September 22/23. Limits on the grey-scale levels have been set in order to enhance absorption (upper) or emission components (lower). In this and subsequent ®gures darker levels correspond to larger¯uxes. Also for these ®gures, the data presented for phases 1 to 2 are identical to the data between phases 0 and 1.
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In Fig. 9 we present a trailed spectra of the He i l 4471 line in both S193 and V795 Her. The S193 image is qualitatively identical to the V795 Her one although blurred by noise. The line is dominated by the intense D-absorption, which becomes deeper at phase , 0.5. This can be appreciated in the variation of the EW (see Fig. 8 ).
The EW of He i l4471 in S193 is strongly modulated (100 per cent) with the orbital phase and shows a minimum at J , 0:5. This EW curve is almost identical to the corresponding curve of V795 Her (CMMCL), especially if one applies the 0.16 phase correction discussed above.
Although the EW curve of He ii l 4686 in S193 is very noisy, it seems to be modulated with the orbital phase and again this modulation is almost identical for the same line in V795 Her. We note that in constructing the EW curve of He ii l 4686 we included the night 22/23, but we excluded the two ®rst nights because of the presence of the anomalous spectral line centred at 4671 A Ê (see below).
We conclude that, despite the minor differences in the behaviour of the Balmer lines in both objects, the He i and He ii lines behave in the same way in S193 and V795 Her.
The anomalous spectral lines
During the ®rst two nights of our run S193 showed some spectral peculiarities that deserve to be described. We detected some anomalous spectral lines which totally disappeared later in the run (see Fig. 1 ). In order to investigate their origin we inspected the corresponding sky spectra, but they did not show any features at the corresponding wavelengths. We also searched for these features in late-type stellar spectra, but we failed to identify any signi®cant lines in them.
The most prominent of them is a very intense absorption centred at 4670.6 A Ê (measured by ®tting a Gaussian in the averaged spectrum). The presence of this line makes it dif®cult to detect both He ii l4686 and the blended Bowen lines at 4640±4650 A Ê , as it lies between them. The line is seen most of the time in absorption, sometimes disappearing or even going into emission (see Fig. 10 ). Owing to the lack of suf®cient phase overlap for both nights, it is dif®cult to establish whether an orbital modulation of the EW exists. The maximum (absorption) EW was reached at phase ,0:55 on the ®rst night whereas the feature completely disappeared at phase ,0:1 on both nights.
We have extracted the radial velocities of the 4670 A Ê absorption by convolving the individual spectra with a Gaussian of FWHM 360 km s À1 . Only the spectra where the feature was clearly detected (i.e. jEWj > 0.5 A Ê ) were included in this analysis. The resulting radial velocity points are displayed in Fig. 10 . A clear orbital modulation can be observed, with minimum velocity at phase 0.55 and maximum at phase , 0.9. Being cautious, however, we cannot completely exclude the possibility of a systematic velocity offset occurring between the two nights, as our data lack the desired phase overlap.
Also during the ®rst couple of nights we noted the presence of an emission feature at 4431.2 A Ê . The rest of the nights this line undergoes absorption. A possible identi®cation could be He i l 4438, in which case the corresponding mean velocity (relative to the rest wavelength) would be , À 430 km s À1 . However, this identi®cation is unlikely since He i l 4438 is usually much weaker than the other helium lines, whereas in this case it has an intensity comparable to that of He i l 4471. Furthermore, the other He i lines are seen in absorption and have positive velocities. A more probable identi®cation is the blend O ii l 4416±Fe iii l 4419, which was also detected in V795 Her (CMMCL), and in other CVs such as VV Pup, AN UMa or 2A0311-227 (Schneider & Young 1980a,b) among others, but it appears much stronger in S193.
The EW of the line seems to be modulated with the orbital phase, having its maximum value at phase , 0.5, but again this cannot be concluded owing to the lack of overlapping phases. In order to obtain individual velocities we also convolved the line with a Gaussian of the same FWHM (485 km s À1 ). In Fig. 10 the obtained radial velocity curve is shown versus the orbital phase. This is qualitatively similar to the radial velocity curve of the 4670-A Ê line.
Other weak lines also detected during the ®rst two nights are: ,4570, ,4815, ,4966, ,5068 and ,5096 A Ê . The centres of the less noisy of them seem to move in a similar way to the 4431-A Ê absorption.
Finally, we note that Thorstensen et al. (1991) and Dhillon & Rutten (1995) report the presence of anomalous absorptions in PX And and V1315 Aql respectively, having their maximum absorption around phase 0.5. However, these lines are centred at different wavelengths and are weaker than those detected in S193.
D I S C U S S I O N A N D C O N C L U S I O N S

V795 Her and S193 are SW Sex systems
We have shown that S193 is almost identical to V795 Her when we compare the behaviour of their Balmer and helium lines.
Basically, the Balmer lines (Hb in S193) show two main properties in these two systems.
(i) The presence of a broad absorption component (the D-component) which reaches its maximum strength at phase ,0:5 while it crosses the line towards negative velocities. This component is stronger in higher excitation lines (e.g. Hg, H d ).
(ii) The presence of a high-velocity emission component on each side of the lines (W-components), both being phased (the bluest velocity at J , 0:45±0:5) and with opposite g. The red component is always weaker than the blue one, which could be a result of the S193: A non-eclipsing SW Sex starpresence of a broad, steady absorption at 1000±1200 km s À1 . For S193 the red component is almost undetectable, probably because of its lower intensity, which makes dif®cult to determine its phase. On the other hand, at least for V795 Her, this red W-component is also weaker in lines of higher excitation level. This could be due to the fact that the steady absorption strengthens with the excitation level of the line, but we have no direct evidence for this.
The D-component is more intense in the He i lines than in the Balmer lines, as the former are seen in absorption most of the time.
The D-component is responsible for the decrease in the Balmer and He i EWs in both systems at phase ,0:5, while the presence of the W-components is perhaps responsible for the delay of the Balmer radial velocity curves relative to the motion of the white dwarf (which we assume is traced by the He ii l 4686 line). This is true for V795 Her, but we could not obtain the radial velocity curve of He ii l 4686 in S193 because of the low quality of our data. Nevertheless, we have suf®cient arguments to assume this is also correct in S193, namely, the lack of contaminating high-velocity emission components in this line, the similarity of the EW curves in both objects and the exhibition of identical orbital behaviour for the Hb components in both systems after applying the 0.16 correction to S193 (see Section 5.1).
We should point out that these two properties (the decrease of the line EW at phase 0.5 and the delay of the radial velocity curves for the Balmer lines) are used to de®ne the family of SW Sex systems. Actually, Thorstensen et al. (1991) de®ned this group as those novalike systems showing the following observational characteristics: (a) they are eclipsing systems; (b) their orbital periods lie in the range 3±4 h; (c) they show He ii l 4686 at about half the strength of Hb; (d) the Balmer radial velocities are delayed with respect to the absolute zero phase, as de®ned by the photometric eclipse, and (e) they have absorption lines which are visible only during a part of the orbit opposite to the eclipse (i.e. around phase 0.5). It should be noted that the absorption lines cannot be clearly distinguished in all the SW Sex systems. However, they are probably always present and manifest themselves as a decrease in the EW around phase 0.5 (see for example Still, Dhillon & Jones 1995 for PX And) .
Note that (d) and (e) are ful®lled by S193 and V795 Her as discussed above. Concerning (b), the orbital periods of S193 and V795 Her are 4.2 and 2.6 h, respectively, so they are close to the de®ned limits, which probably indicates that the period range is wider than previously stated. This is reinforced by the fact that BT Mon, a CV with a period of 8 hours, has been recently proposed as a new member of the SW Sex family (Smith, Dhillon & Marsh 1998) .
Condition (c) has to be relaxed as new SW Sex systems have been found in which the ratio of these lines is different from 0.5, or it varies. For instance, in the case of DW UMa the He ii l 4686¯ux was found to be much smaller than Hb during its low state (Dhillon, Jones & Marsh 1994) . Furthermore, PX And exhibits He ii l 4686/ Hb ratios as different as 0.5 (Thorstensen et al., 1991) , 0.3 and 0.13 (Still et al. 1995) , according to its state of activity. Nevertheless, this ratio is just 0.5 in S193 and V795 Her so, even if this condition is not relaxed one would have to exclude other well-established SW Sex systems before S193 and V795 Her. Both S193 and V795 Her behave exactly in the way that one would expect for a non-eclipsing SW Sex: they satisfy all the observational properties de®ning the family except for the presence of eclipses. For this reason we conclude (following CMMCL) that they are non-eclipsing SW Sex stars and they only differ from thè classical' members of the group in the value of the inclination angle. This should explain the major spectral difference between these two objects and the rest of the SW Sex systems: the presence of the W-components. Because these features have non-zero g velocities they must form in material moving with some vertical velocity component, i.e. below and above the orbital plane. This is reinforced by the fact that both W-components have opposite g values. In this scenario, the high inclination systems (i.e. the eclipsing SW Sex) would present W-components with lower g velocity than the lower inclination systems (i.e. S193 and V795 Her) and, consequently, these components would not detach from the line wings. In fact, the lowest inclination of the eclipsing SW Sex stars, PX And, shows Ha high-velocity red and blue wings at phases 0 and 0.5, respectively (Hellier & Robinson 1994) ; this is consistent with the presence of a pair of W-components with low g velocities. 
The disc over¯ow model
Following CMMCL, our main assumption throughout this work is that the high-velocity emission S-wave of the Balmer lines (the Wcomponent) consists of two phased components with opposite g values (hence the notation WR and WB). Nevertheless, we agree with Dickinson et al. (1997) in noting that the assumption of either a single or double nature for this component is just a matter of taste, since the presence of the double-peaked lines originating in the accretion disc makes it impossible to decide between either possibility. Under the assumption of a single S-wave, Dickinson et al. (1997) try to explain the behaviour of the Balmer lines by means of the disc over¯ow model. This model was proposed for highinclination SW Sex systems (Hellier & Robinson 1994; Hellier 1996) and is based on the calculations performed by Lubow & Shu (1976) and Lubow (1989) for the vertical dynamical structure of the gas stream¯owing from the secondary towards the Roche lobe of the primary. Following these calculations, the accretion stream is wider than the disc at the initial impact with its outer edge, so some portion of it continues on a ballistic trajectory to a second impact with the disc near the white dwarf. In this framework, the disc over¯ow model assumes that the stream is seen in absorption between the initial impact and its later re-impact (or some point between them), thus explaining the presence of the absorption at phase 0.5 (the D-component) and its velocity variations. The Wcomponent would form at the re-impact point where the stream meets the disc, or in a small region around it, the velocity of the material (in which the W-component originates) being intermediate between the stream velocity and the local disc velocity, both at the re-impact point. A major problem of this model is that it predicts the presence of the D-component at phase ,0, exhibiting the same intensity as in phase ,0:5, contrary to what is observed in SW Sex systems. Hellier (1998) tries to avoid this contradiction by assuming a¯ared disc so that, as a consequence, it would eclipse the 668 I. G. Martõ Ânez-Pais, P. Rodrõ Âguez-Gil and J. Casares q 1999 RAS, MNRAS 305, 661±670 Figure 9 . The He i l 4471 trailed spectra for V795 Her (upper panel, from CMMCL) and S193 (lower panel). Note that this line is in absorption, so white levels represent higher intensities. Downloaded from https://academic.oup.com/mnras/article-abstract/305/3/661/983394 by guest on 10 April 2019 absorbing stream at phases around 0.0. Following previous estimates he assumes a disc¯aring angle of 4 ± and is able successfully to simulate the overall behaviour of the Balmer lines in highinclination SW Sex systems.
The ability of this model to explain the behaviour of the Balmer lines on the basis of a single nature of the W-component is a strong argument in favour of such a characteristic. However, as we are going to show, the disc over¯ow model fails for low-inclination SW Sex stars like V795 Her.
In order to check the validity of the model in V795 Her, we calculated the ratio between the velocity of the stream at the reimpact point and the Keplerian velocity at the outer edge of the disc (V ri =V ext ). This parameter is useful to check the model since it does not depends on geometrical parameters such as the inclination angle, in fact, it only depends on the mass ratio q M 2 =M 1 and the outer disc radius. On the other hand, it can be easily obtained from spectral data, in the framework of the disc over¯ow model, if the core of the line is seen as double peaked as a consequence of the disc rotation (see below). In nova-like systems the disc sizes exceed 60 per cent of the radius of the primary Roche lobe (R 1 ), tidal truncation of the disc being possible in many of them (HarropAllin & Warner 1996) . In Fig. 11 V ri =V ext is shown versus q for outer disc radii of 0.6 R 1 and one tidal radius, which is calculated as R tidal a0:6=1 q (Warner 1995) . For V795 Her we expect a value of q between ,0:15 and ,5=6. The ®rst value corresponds to a primary at the Chandrasekhar limit and a secondary mass of 0.21 M ( , obtained from the mass-period relation M 2 0:065P 5=4 h (Warner 1995) . This value is in good agreement with the secondary mass assumed by CMMCL. The other value of q (,5=6) is the upper limit for which mass transfer from the secondary is stable (Frank, King & Raine 1992) .
Assuming the validity of the disc over¯ow model, V ri =V ext can be obtained from spectroscopic data as the ratio between the velocity of the high-velocity component (originating in the vicinity of the reimpact point) at its maximum excursion, and one half the separation of the double peak originating in the disc. In Fig. 11 we show the value of V ri =V ext for V795 Her [marked as V795 Her (a)]. It was calculated as follows. First, the projected outer disc velocity was calculated by ®tting two Gaussians to the core of the orbitally averaged Ha pro®le shown in ®g. 1 of CMMCL. This gave a semiseparation of 204 km s À1 , in agreement with the value reported by Dickinson et al. (1997) . Then, we calculated the projected velocity of the region where the W-component originates as the maximum velocity of the centres of the WR and WB components. In order to do this we folded the Ha data of CMMCL into 10 phase bins and ®tted to the corresponding spectra at phases ,0:0 and ,0:5 two Gaussians: one to the W-component and the other to the disc line wing. The velocities obtained for the W-components were À1590 6 30 km s À1 and 1510 635 km s À1 , respectively, the mean value being 1550 km s À1 . Using these values one obtains V ri =V ext 7:6 for V795 Her.
At this point we should note that the velocity at the outer radius of large discs is expected to be sub-Keplerian owing to the perturbation of the secondary star (see for example Wade & Horne 1988; Martõ Ânez-Pais et al. 1994 ). This could happen in V795 Her and its effect would be to bring down the horizontal line in Fig. 11 . Assuming a rather low velocity of 65 per cent of the Keplerian velocity, estimated by Dhillon, Marsh & Jones (1991) for V1315 Aql, we obtain the line labelled (b) in Fig. 11 .
On the other hand, the velocity of the material in which the W-component originates is lower than the stream velocity at the re-impact point, as it should have an intermediate value between this and the disc velocity at that point. In all the calculations performed using the disc over¯ow model (Hellier & Robinson 1994; Hellier 1996; Dickinson et al. 1997) it was taken as the mean value between both velocities. This would bring down the calculated curves in Fig. 11 by ,10 per cent in the range of interest.
The results shown in Fig. 11 imply that, assuming the validity of the model, the velocity of the material at the reimpact point in V795 Her is too high. So, the model is failing for this system unless some mechanism able to increase the energy of the stream would be S193: A non-eclipsing SW Sex star 669 q 1999 RAS, MNRAS 305, 661±670 invoked. The reason for this is the high value of the maximum velocity reached by the W-component (no matter it is double or single), which is higher than in the other high-inclination SW Sex systems. One could argue that the measured velocity of the W-component is higher than the true projected stream velocity since this component should be distorted by the absorption produced in the ®rst section of the stream. Nevertheless, we do not expect such a distortion in our data since we have used the Ha pro®les and for this line the absorption is either not present at all or very weak. This becomes evident when one compares the trailed spectra of the different Balmer lines shown in CMMCL. Furthermore, in all the lines in which it is present, the absorption is much stronger at phase 0.5 than at phase 0.0, and both velocity measurements (WR and WB) gave almost the same value, which is in contradiction to the case in which the red component is distorted but not the blue one. Furthermore, the widths of the ®tted Gaussians are about one half their corresponding velocities, in agreement with the assumed width for the emission component in the simulation performed by Dickinson et al. (1997) when they try to reproduce the data using this model. Finally, we should mention that we have implicitly assumed that the doubling seen in Ha for V795 Her is owing to the disc rotation. This doubling could be due, however, to some kind of persistent absorption in the line core. An argument in favour of the rotational origin for the doubling is that, even for small inclination angles, the expected rotational doubling is of the order of the measured value: Assuming a value for the inclination as low as i 15
± and using the range of q values shown in Fig. 11 we obtain for the projected outer disc velocity (assumed Keplerian) V ext 175± 207 km s À1 in good agreement with the measured value. It was not possible to perform these measurements for S193 since the double peak is not visible in our spectra. This can be explained by the fact that the signal-to-noise ratio is not good enough, or because the inclination angle is too low to allow the doubling to be detected, or even perhaps because the doubling is ®lled by an emission, as in other SW Sex systems. Nevertheless, the maximum velocities of the W-components of this system are similar to those in V795 Her. Actually, it is worth noting that the W-components in both the two known low-inclination SW Sex systems reach higher maximum velocities than those in high-inclination systems. Furthermore, in both objects, the W-components depart from the main line much more than in the other systems. In the framework of the disc over¯ow model, one would expect that the maximum velocities of the W-components should be lower in low-inclination systems owing to the sin i scaling factor, and the excursion of the component relative to the width of the main line should be roughly the same in all the systems since sin i should scale all the components in the same way.
The disc over¯ow model presents yet another problem: namely, the lack of absorption (the D-component) at phase ,0 in lowinclination SW Sex stars. As mentioned above, Hellier (1998) invoked a¯aring disc to take this effect into account, successfully simulating the behaviour of the Balmer lines in high-inclination SW Sex stars. However, he estimates a¯aring angle of ,4 ± , and reports that the absorption is expected to be eclipsed if 90 ± À i À a < 10 ± , which establishes a lower limit for the inclination of i > 76 ± . Both V795 Her and S193 are non-eclipsing systems and one expects for them i < 70 ± (CMMCL estimated for V795 Her i , 58 ± ), so the Dcomponent should be visible at all orbital phases, in contradiction to the data.
We conclude that the disc over¯ow model fails to explain the behaviour of the Balmer lines in V795 Her. On the other hand, we presented strong arguments suggesting that this system is a lowinclination (non-eclipsing) SW Sex system, in which case the disc over¯ow model would fail for low-inclination SW Sex stars. This would invalidate the disc over¯ow model for SW Sex stars in general since it should explain the behaviour of all the systems, not only those showing eclipses. Furthermore, the apparent dependence of the maximum velocity reached by the W-components with the inclination angle (higher for lower inclinations) makes one suspect that the region in which they are formed has a non-zero vertical velocity component.
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